Patients with essential hypertension show an altered renal excretory response to sodium chloride loading. Hypertensive patients acutely eliminate a greater proportion of a salt and water load than do normotensive subjects. This renal abnormality appears to be due to an augmented tubular rejection of sodium chloride and water. This study further defines the nature and extent of this alteration in electrolyte and water metabolism.
Patients with essential hypertension show an altered renal excretory response to sodium chloride loading. Hypertensive patients acutely eliminate a greater proportion of a salt and water load than do normotensive subjects. This renal abnormality appears to be due to an augmented tubular rejection of sodium chloride and water. This study further defines the nature and extent of this alteration in electrolyte and water metabolism.
A PREVIOUS study' confirmed the ob-,&-,Lservations of others2-9 that hypertensive patients excrete more of a parenterally administered sodium chloride load than do normal subjects, and demonstrated that this abnormality was not related to measurable increases in glomerular filtration rate or tubular load of sodium chloride. The present report examines the excretion of sodium chloride and water during the 36-hour period before, during, and after the load of sodium chloride in hypertensive and normotensive subjects. It presents more specific information concerning whether (1) this difference in sodium chloride excretion can also be detected in the resting state before loading, (2) it is found in labile hypertensive patients at the time their blood pressure is normal, and (3) it is similar to the excretory response of patients with hyperadrenocorticism. The possible mechanisms of this excretory abnormality are critically analyzed in the light of these experiments and data available in the literature.
METHODS
Ambulant patients on an unrestricted diet collected their urine from 6 p.m. the day before to 6 a.m. the day of the test. They ate their usual From the Department of Internal Medicine, University of Michigan Medical School, Ann Arbor, Mich. Presented in part at the meeting of the American Heart Association, October 28, 1956 .
Aided by grants from the Michigan Heart Association, the American Heart Association, and the National Heart Institute, Department of Health, Education 1. In the load periods the groups can be distinguished more readily with mean sodium ex- cretion rates of 14.5 mEq. per hour for the normal subjects and 20.7, 31.1, and 45.6 mEq. per hour for the hypertensive patients in groups II to IV, during the 3-hour load period. Individual variations were so great that differences between means were not statistically significant. Percentage excretion of the infused load during this load period rose directly in proportion to the mean blood pressure, from 20 in the normotensive to 66 in the severely hypertensive group (table 3) . In figure 2 , the correlation between sodium excretion under load and blood pressure is presented. There is considerable scatter (r = 0.4). Subtracting the basal or preload hourly sodium excretion did not improve the correlation.
The first postload period from 12 noon to 6 p.m., which began approximately 2 that the mean hourly excretory rates of sodium had returned almost to preload values. The normal group excreted sodium at the rate of 7.9 mEq. per hour; the others at 6.8, 7.8, and 6.8 mEq. per hour respectively. In the final postload period, 6 p.m. to 6 a.m., the mean levels of sodium excretion fell in all but the severely hypertensive group to below the values for the preload overnight collections. The mean cumulative sodium excretion over the entire 21- 19  79  18  240  50  47  20a  91  91  355  31  67   20b   48  16  83  20  13  21a  84  51  208  58  51  22  34  47  284  --23a  41  29  335  38  50  23b  30  -284  32  36  24  55  38  204  28  28  25a  72  26  175  32  27   25b  78   60  162  28  33  26  114  84  218  68  46  27   32  64  194  74  91  28  122  23  462  66  41  29 12 However, it is not possible to exclude entirely the contrary argument that increased salt appetite precedes and causes hypertension and determines the excretory pattern.'3 The previously mentioned observations on the labile hypertensive group are of interest, since these patients may represent an early form of the disease. Although variation between individuals was large, their salt excretion and presumably their sodium intake were slightly above normal at rest.
If the excretory abnormality is a consequence of hypertension, one could postulate that the hypertensive patient either imposes a greater salt and water load on the tubular transfer mechanism or rejects more of the load. So far as an increased tubular load is concerned, in a previous study hypertensive patients did not show an increased glomerular filtration rate following salt loading and indeed, when compared with normotensive patients, some even had measurable reductions in glomerular filtration rate.' The possibility that the tubular sodium load is increased by elevations in serum sodium must also be considered. Although the previous study of venous blood showed no increase in sodium concentration except in the mildly hypertensive group,' others have reported slightly elevated plasma sodium levels in hypertensive patients8' 14-16 and Johnson and co-workers17 have shown an elevated sodium in the spinal fluid. It is possible that the arterial plasma sodium of hypertensive patients after load might be increased to a greater extent than that of normotensive individuals if sodium content were elevated in the arterial wall18 or the extracellular space.1'9 20 Hyperexcretion of sodium then would reflect excess body sodium. However, total exchangeable body sodium was not increased in all of Ross's hypertensive patients."' On the other hand, if the filtered load of sodium is not elevated then there must be a greater rejection of sodium, chloride, and water by the renal tubule in hypertension. This would be consistent with the view that a tubular transport mechanism is the first to suffer in this disease 2 However, a diminished rate of transfer of filtrate through the tubular wall with consequent increase in urine flow may be secondary to the hypertension as indicated by Shipley and Study.23 Polyuria has been observed at the onset of hypertension in a case of unilateral renal disease.24 This might be due to a similar mechanism.
If increased tubular rejection of sodium and water is the primary abnormality causing the increased excretion of sodium chloride loads in hypertensive subjects, it may be the result of either neurogenic or humoral influences or of a local defect. The patients described by Thompson et al. showed a proportionately greater decrease in the excretion of infused sodium and water than reduction in blood pressure immediately after a presumably complete sympathetic renal denervation. However, since some reduction in blood pressure also occurred, it is not possible from these studies to evaluate the precise role of the nervous system alone in causing an augmented sodium chloride excretion in hypertension. 7 Among possible humoral influences, the secretion of the adrenal cortex, the adrenal medulla, and the pituitary, as well as renin, deserve consideration. Hypertensive patients are said to excrete excess aldosterone in the urine. 25 Sapirstein 31' 32 has suggested that the prime defect lies in avidity of the hypertensive subject's tissues for sodium, since hypertonic saline loading in hypertensive rats leads to a greater urinary excretion of water than of sodium. Similarly our own studies suggest a greater loss of water than of urinary solutes so far as can be judged from the greater decline in specific gravity of the urine of the hypertensive subjects after loading.
It is possibly significant that renin, or its reaction product, "angiotensin," causes water and sodium chloride diuresis without altering glomerular Le responsa al cargation con chloruro de natrium remaneva satis uniforme in repetite determinationes in le mesme individuo sed variava in le direction del pression de sanguine al tempore del test. Nulle alteration directional esseva notate in le responsa exeretori al cargation con sal ante e post un periodo de plure septimanas de un dieta con 200 mg de natrium.
Patientes con hypertension labile qui se trovava in un phase de normotension monstrava levissime augmentos del excretion de natrium e de aqua post cargation, comparate con subjectos normal.
Duo patientes con augmento del function adrenocortical monstrava un augmentate excretion de natrium e de aqua immediatemente post le cargation. Lor comportamento exeretori resimilava illo de subjectos hypertensive.
Le causa del hyperexcretion de chloruro de natrium e de aqua per subjectos hypertensive es discutite. Le explication le plus plausibile es probabilemente que un augmento del pression intra le vasos renal effectua directemente un augmentate rejection de chloruro de natrium e de aqua per le tubulos.
